A Discussion on Possible Effects of the Barbero-Immirzi Parameter at the
  TeV-scale Particle Physics by Panza, Nelson et al.
ar
X
iv
:1
40
5.
44
34
v3
  [
he
p-
th]
  2
1 N
ov
 20
14
A Discussion on Possible Effects of the Barbero-Immirzi Parameter at the TeV-scale
Particle Physics
N. Panza∗ and H. Rodrigues†
Departamento de F´ısica, Centro Federal de Educac¸a˜o Tecnolo´gica Celso Suckow da Fonseca
Av. Maracana˜, 229, 20271-110, Rio de Janeiro, RJ, Brazil
D. Cocuroci‡ and J. A. Helaye¨l-Neto§
Centro Brasileiro de Pesquisas F´ısicas
Rua Dr. Xavier Sigaud 150,
22290-180, Rio de Janeiro, RJ, Brazil
(Dated: July 11, 2018)
In this paper, we analyse a curvature- and torsion-square quantum gravity action with an addi-
tional Holst term minimally coupled to a massive Dirac field in four dimensions. The main purpose
here is to try to estimate and compare the value of the Barbero-Immirzi (BI) parameter with its
currently known results. To do that, we work out the physical mass of the fermion as a function
of this parameter in a perturbative one-loop calculation, assuming the scenario of a physics at the
TeV-scale.
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I. INTRODUCTION
It is well-known that the Einstein-Cartan theory repre-
sents the simplest extension of General Relativity (GR)
in the presence of the torsion field [1–3]. However, it is a
non-renormalizable quantum theory, in spite of describ-
ing physics with a very good approximation at the classi-
cal level. In view of that, several investigations followed
in order to set up approaches to the gravitational interac-
tion that may prove relevant to our understanding of the
quantum gravity problem. A fruitful approach has been
the theory of higher-order curvature invariants, whose
actions contain terms quadratic in the curvature, consid-
ering also all possible quadratic terms that we can form
with torsion, in addition to the Einstein-Hilbert term.
Furthermore, these terms are necessary if we wish to ob-
tain an effective action for quantum gravity at scales close
to the Planck length [4, 5]. This proposal is not yet free
from problems. The main interest in such theories comes,
in particular, from Cosmology. In this case, the possibil-
ity that the graviton have a small mass to explain the
early stages of the Universe depends on the particular
quantum theory of gravity. Moreover, torsion could, in
principle, be associated to any astrophysical scale.
In a more contemporary context of non-perturbative
approaches to quantum gravity, Loop Quantum Grav-
ity arose as another possible quantization method [6–
10]. The heartwood of this scheme is the idea that the
fundamental variable for quantization is the connection,
rather than the metric. It was proposed by Asthtekar
[6, 7] by working only with the self-dual part of the
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Hilbert-Palatini action. In this formulation, the phase
space variable is a complex SU(2)-connection. Unfortu-
nately, this approach exhibits a difficult step, namely,
to recover the phase space of real general relativity, we
must impose reality conditions on the original complex
Asthtekar formulation of gravity. In order to come over
this difficult, Barbero and, later on Immirzi introduced
a family of canonical variables, associated to the BI pa-
rameter [11, 12] (henceforward represented by β) which
is actually a canonical theory of gravity in terms of a real
SU(2)-connection, referred to as Asthtekar-Barbero con-
nection. In a Lagrangian approach, the β- parameter is
taken as a new dimensionless parameter introduced with
the meaning of a coupling constant of a topological odd-
parity term added to the Hilbert-Palatini action, which
is treated in the first-order formalism and yields the so-
called Holst action [13]. This topological term, in GR,
does not affect the equations of motion in the absence of
torsion since it appears as a factor in a term that van-
ishes on the mass-shell. Although β is non-physical at
classical level, we find that it becomes an essential pa-
rameter at the quantum level, appearing in several con-
texts, such as, the spectrum of area and volume opera-
tors [14], in the black hole entropy formula [15] and in
the dynamics provided by the more modern spin foam
models [16, 17]. It should be noticed that there is an-
other method to quantize gravity known as the quantum
Regge calculus [18, 19], which is β-independent.
For these reasons, over the latest years, several at-
tempts to fix the β- parameter have been worked out.
Dreyer [20], motivated by Hod’s work [21] on the asymp-
totic quasi-normal modes of black holes, proposed a novel
way to fix this parameter. In order that the Bekenstein-
Hawking entropy formula and quasi-normal mode agree,
the BI parameter should be given by β = ln 3/
(
2
√
2π
)
.
In a recent paper, considering Faddeev’s formulation of
gravity, Khatsymovsky [22] found out that the elemen-
2tary area spectrum is proportional to the BI parameter
with the value β = 0, 39. Requiring the validity of the
Bekenstein-Hawking area law relating the two parame-
ters that characterize the quantum states of black hole
horizon, A. Majhi et al obtained the following range for
β: 0.159 < β < 0.225 [23, 24]. In the latest paper that,
to our knowledge, addresses this issue, the authors have
obtained the value β = ln 3/π, through the calculation of
the entropy for an arbitrary non-rotating isolated horizon
[15].
It is worthy mentioning that all references previously
quoted estimate the β- parameter making use of a non-
perturbative approach to QG. In this paper, we follow
an alternative route, by studying perturbative QG [25] in
the first-order (tetrad) formalism, to understand which
is the role of the β- parameter in the loop corrections
to a model discussed in Ref. [26], enriched by imple-
menting the Holst term, with minimal coupling between
fermions and torsion. This choice is motivated by the fact
that, in the Einstein-Cartan theory, the torsion field be-
comes relevant only in the presence of fermionic currents
and, more recently, coupling fermions to classical GR has
attracted a great deal of attention, since that A. Perez
and C. Rovelli [27] have demonstrated that the minimal
coupling to fermions renders gravity sensitive to the β-
parameter [28]. We tackle the issue of a 1-loop mass gen-
eration mechanism for the fermion as well as the possible
influence of the BI parameter on this mechanism.
The outline of this work is the following. In Section II,
we briefly review the main results of the Holst action at
the Lagrangian level and we present a description of the
model discussed in Ref. [26], as well as our conventions
together with the propagators of the model. Also, since
the Dirac field couples to the affine connection and the
intrinsic spin of fermions acts as a source for torsion, in
Section III, we study an extension of the our model in
order to include the minimal coupling between torsion
and the Dirac spinor. Finally, in Section IV, we cast our
Discussions and Conclusions.
II. DESCRIPTION OF THE MODEL
We adopt to work with the first-order formalism, in
which configuration space consists of two independent
field variables, namely, the space-time SO (4) gauge spin
connection, ωµ
ab , and the vielbein, eµ
a . This choice
is justified for we think that it is a more fundamental
approach to gravitation, since it is based on the funda-
mental ideas of the Yang-Mills approach. The gravita-
tional Lagrangian (Einstein-Cartan term) together with
the Holst invariant, where the latter is multiplied by a
coupling constant β ∈ R−{0}, the BI parameter, can be
written as follows:
LEC + LH = e
(
−αR+ α
2β
eµae
ν
b ǫ
ab
cdRµν
cd
)
, (1)
where α = 1
16piG
, e denotes the absolute value of the de-
terminant of the co-tetrad , Rµν
cd is the field strength
associated with the spin connection ωµ
ab which is not
torsion-free, and ǫabcd denotes the 4-dimensional Levi-
Civita tensor. In pure gravity, β does not affect the
graviton equation of motion. This is no longer the case
when fermions are present. In this respect, the effective
Dirac action contains an axial current-current interac-
tion whose dependence on β becomes non-trivial; also,
this parameter cannot take an arbitrary value, so that
we have to fix it by calculating some observable effect.
Our motivation in this paper is to investigate the
possible relevance of the BI parameter at the quantum
level, considering the most general parity-preserving La-
grangian that describe massive gravitons studied in the
Ref. [26] with an additional Holst term, as given below:
L = e (−αR+ χR2 + ρRµaRµa + γRµaRaµ
+ ξRµνabR
µνab + kRµνabR
abµν + λRµνabR
µaνb
+ xTµabT
µab + yTµabT
abµ + zTµa
aT µb b
+
α
2β
eµae
ν
b ǫ
ab
cdRµν
cd
)
, (2)
where χ, β, γ, ξ, k , λ and β are arbitrary dimension-
less constants and the others parameters have canonical
dimensions given by [s] = [t] = [r] = 1.
The particular choice of the Lagrangian above, Eq. (2),
is justified by the fact that, by suitably choosing special
regions in parameter space, it yields a healthy spectrum
of excitations, with massive gravitons and no ghosts or
tachyons present, despite the presence of higher powers
of curvature and torsion terms. This has been discussed
in the works of Refs. [26, 29]. Other terms with powers
of torsion could be considered; they would however spoil
the consistency of the action, in that ghosts or tachyons
would be present and would not decouple from the phys-
ical sector [26, 29]. This is why we restrict ourselves to
the terms present in the action (2).
Our conventions are:
Rµν
ab = ∂µων
ab − ∂νωµ ab + ωµ a cων cb
−ων a cωµ cb, (3)
Rµ
a = eνbRµν
ab, (4)
R = eµae
ν
bRµν
ab, (5)
and
ηµν = (1,−1,−1,−1) , (6)
where the Greek indices refer to the world manifold and
the Latin ones stand for the frame indices.
The torsion tensor has 24 independent components in
four space-time dimensions and, by considering the irre-
ducible representations of SO(1, 3), it may be split into
a vector, vµ, an axial vector aµ, and a rank-three tensor
3qµνα, which satisfies the the conditions qµα
α = 0 and
ǫαβµνqαβµ = 0. With this in mind, the generic torsion
can be expressed as [28]
Tνµα = qνµα +
1
3
(ηναvµ − ηµαvν) + ǫνµαλaλ, (7)
where gµν = ηabeµ
aeν
b is the metric tensor. The split-
ting of Eq. (7) for Tνµα in SO(1, 3)-irreducible compo-
nents is simply a group-theoretic decomposition. So long
as a dynamical model is concerned, it is perfectly legit-
imate to truncate some of the components in RHS of
Eq. (7) if we choose to restrict our considerations to
a Cartan’s restricted geometry, which amounts to tak-
ing qνµα = 0. Moreover, this irreducible piece and the
vµ-vector component of the torsion do not couple to the
fundamental fermions of the Standard Model. This is the
reason why we allowed to suppress them and we build up
our model in such a way that only the aµ-vector acquires
dynamical and can be excited by the interaction with the
fundamental fermions of the Standard Model.
Next, we perform the split of the vielbein,
eµ a = δ
µ
a + h
µ
a, (8)
namely, the Minkowski background and a perturbation,
hµ a, around the background. In addition, the fluctuation
can be decomposed as
hab =
1
4
ηabs+ ǫabcd∂
cW d. (9)
Before we proceed, we recall that the spin connection
ωµ ab may be expressed as
ωµ
ab = ω˜µ
ab +Kµ
ab, (10)
where ω˜µ
ab is the Riemannian part of the spin connection
ω˜µ
ab =
1
2
eµc
(
Ωcab +Ωacb − Ωbac) , (11)
where Ωcba = e
µ
c e
ν
b (∂µeνa − ∂νeµa) stands for the rota-
tion coefficients. Kµ
ab are the components of the con-
torsion tensor, defined by
Kµ
ab =
1
2
(
Tµ
ab − T ab µ + T b µa
)
. (12)
It is worthy noticing that, while the contortion tensor is
antisymmetric in the last two indices, the torsion tensor
is antisymmetric in the first two indices.
Using equations (7) to (12), the spin connection fluc-
tuation may be put into a more useful form, namely:
ωµ
αβ =
1
8
(
δµ
β∂αs− δµ α∂βs
)
+
1
2
(
ǫβ µρλ∂
α∂ρWλ − ǫα µρλ∂β∂ρWλ
)
+
1
3
(
δµ
βvα − δµ αvβ
)
+
1
2
ǫµ
αβ
λa
λ. (13)
At this point, it is worthy to stress that in the presence
of torsion, the Gauss-Bonnet term does not correspond
any longer to a topological invariant, for it cannot be ex-
pressed as a total divergence [30]. Thus, all the quadratic
terms in the curvature present in the Lagrangian (2) must
be kept in our considerations.
Finally, we can obtain the relevant part of the bilinear
expansion of the Lagrangian (2). Making use of equation
(13), after a lengthy but straightforward calculation, we
obtain
L = s
[
3
16
(
ρ+ γ + ξ + 3χ+ k +
λ
2
)
− 39α
32
]
s
+vµ
[
7α
2
−
(
7ρ
6
+ γ + ξ − 3χ+ k + 5λ
12
)

]
∂µs
+vµ
[
−
(
ρ
4
+
2λ
9
+
8ξ
9
)
ηµν
−4
3
(
2ρ
3
+ γ − ξ
3
+ k + 3χ+
λ
3
)
∂µ∂ν
+
(
2α
3
+
2x
3
− y
3
+ z
)
ηµν
]
vν
+wµ
[(ρ
2
− γ
2
+ 2ξ − 2k
)
ηµν
2
+
(
−ρ
2
− γ
2
− 2ξ + 2k − λ
)
∂µ∂ν
−5α
2
ηµν+
5α
2
∂µ∂ν
]
wν
+aµ
[(
ρ− γ + 4ξ − 4k − λ
2
)

2 + 2αηµν
+2α∂µ∂ν +
(
−ρ+ γ − 4ξ + 4k − 5λ
2
)
∂µ∂ν
]
wν
+aµ
[(ρ
2
− γ
2
+ 2ξ − 2k
)

+
(
−ρ
2
+
γ
2
+ ξ + 2k − 3λ
2
)
∂µ∂ν
−3
(α
2
+ 2x+ 2y
)
ηµν
]
aν
−aµ
(
21α
8β
)
∂µs− aµ
(
2α
β
)
ηµνv
ν . (14)
Two important observations are in order. The wµ-field
is not sensitive to the BI parameter, so that we decide to
truncate it from the decomposition of the metric. The
second observation concerns the fact that, in the next
Section, we shall consider the minimal fermion coupling
in the presence of massive Dirac fields. As well-known, a
Dirac particle only interacts with the totally antisymmet-
ric part of the torsion, so that we can disregard the vec-
tor component of the torsion. Therefore, the Lagrangian
(14) can be written only in terms of the scalar compo-
nent of the metric and the pseudo-vector component of
the torsion. We understand that only the s- and aµ-
fields should contribute effects whenever fermions are in-
troduced. This is why we truncate the vµ- and wµ- fields
4from the Lagrangian (14). Thus,
L = 3
16
(
ρ+ γ + ξ + k + 3χ+
λ
2
)
s2s− 39α
32
ss
+
(
−ρ
2
+
γ
2
− 2ξ + 2k
)
(∂µa
ν)
2
+
(
ρ
2
− γ
2
− ξ − 2k + 3λ
2
)
(∂µa
µ)2
−3
(α
2
+ 2x+ 2y
)
aµaµ − 21α
4β
aµ∂µs. (15)
The coefficients in the expression (15), except the con-
stant α are arbitrary parameters. By setting
− ρ
2
+
γ
2
− 2ξ + 2k = 0, (16)
ρ
2
− γ
2
− ξ − 2k + 3λ
2
= 0, (17)
and
x+ y = 0, (18)
we get ξ = λ/2. So, the Lagrangian (15) can be written
in terms of the new parameters as
L = As2s+ Fss+Baµaµ +Haµ∂µs, (19)
where
A =
3
16
(
ρ+ γ + ξ + k + 3χ+
λ
2
)
, B = −3α
2
, (20)
F = −39α
32
, H = −21α
4β
. (21)
If we make use of equation (19), we can immediately
obtain the equation of motion for the axial vector field,
aµ, which reads
aµ = − 7
4β
∂µs. (22)
With the free parameters of our model chosen accord-
ing to the relations of Eqs. (16)-(18), we are led to the
Lagrangian of Eq. (19), where it is clear that the vector
aµ becomes an auxiliary field: it appears algebraically,
so it has no independent dynamics. Therefore, it can be
solved by its algebraic equation of motion in terms of the
s - field, as it will be done below.
For the sake of a better comprehension, we should per-
haps justify why the relations of Eqs. (16)-(18) are im-
posed. The reason behind the choices of Eqs. (16) and
-(17) is to suppress the unphysical (ghost-type) excita-
tion that would show up from (∂µa
µ) and from the sym-
metric part (∂µa
ν): the spin - 0 ghost carried by (∂µa
µ)
and (∂µa
ν + ∂νa
µ) would spoil the tree-level unitarity of
our model. Finally, condition (18) is assumed in order
to exclude from our model a Planckian mass that would
otherwise be present in the spectrum of excitations of aµ,
as the calculation of its propagator reveals.
Hence, the Lagrangian (19) finally takes the form
L = As2s+
(
F +
H2
4B
)
ss. (23)
Before going on, one remark is in order. The next step
is to read off the Feynman propagator for the scalar field
s. After a direct computation from (23), we attain
DF (p) =
i
2
(
F + H
2
4B
) {− 1
p2
+
1
p2 −m2
}
, (24)
where
m2 =
1
A
(
F +
H2
4B
)
. (25)
Since that we are working in scenarios with low scales,
up to a few Tev, and the mass m is at the Planck scale,
the Appelquist-Carazzone theorem ensures that the ef-
fects of the Planckian loops are not detectable in the Tev
scale. So, in view of the suppression of the effects of
the Planckian massive excitation (p2 = m2) by powers of
1/m2, for the sake of our considerations the propagator
for the scalar field may be taken as follows:
DF (p) = − i
2
(
F + H
2
4B
)
p2
. (26)
Once we have analyzed the spectrum of excitations
that arise from the gravity sector, we shall be now con-
cerned with the introduction of fermions and our main
goal shall be the computation of the effects of the (vir-
tual) gravity models on the fermion self-energy and, in
doing so, we shall track the effects the BI parameter con-
tributes to the fermion masses.
III. COUPLING WITH FERMIONIC MATTER
FIELDS
Over the past years, there has been a great deal of
interest in the study of Dirac fields in curved space-
time. Particularly, it was shown by Perez and Rovelli [26]
and by Freidel, Minic and Takeuchi [1] that, whenever
minimally coupled, spinor fields present in the Einstein-
Cartan theory with the Holst term prevent the latter of
being a truly topological action. In presence of fermions,
we have a modification in the structure of the space-
time, leading to a non-vanishing torsion field. Therefore,
we have a classical-level interpretation of this parame-
ter, which is related with axial-axial current interactions.
Now, in order to better understand the effect of the BI
parameter in Particle Physics, let us calculate the correc-
tions to the fermion mass due to this parameter in the
model describe in the previous Section.
5The Lagrangian density which corresponds to the
Dirac equation in curved space-time is
LD = e
(
i
2
eµ aψγ
aDµψ − i
2
eµ aDµψγ
aψ −m0ψψ
)
.
(27)
The covariant derivative acting on a spinor is
Dµψ = ∂µψ +
g
8
ωµ
ab [γa, γb]ψ, (28)
where γµ = eµ
aγa , a, µ = 0, 1, 2, 4, γa are the usual flat
space-time Dirac matrices, g is a dimensionless coupling
constant andm0 is the mass of the Dirac field. According
to the discussion in the Section II, we are working only
with the scalar field, s, and the pseudo-vector, aµ, so that
the spin connection can be written as
ωµ
αβ =
1
8
(
δµ
β∂αs− δµ α∂βs
)
+
1
2
ǫµ
αβ
λa
λ. (29)
Replacing (28) and (29) into (27), and making use of
the identity
γaγbγc = γaηbc + γcηab − γbηab + iǫabcdγ5γd, (30)
we arrive, after some algebra, to the relation
LD = i
2
(
ψγµ∂µψ − ∂µψγµψ
)−m0ψψ
+
is
2
(
ψγµ∂µψ − ∂µψγµψ
)
+
3g
4
(1 + s)aµψγ5γµψ
−m0sψψ. (31)
Using equation (23), together the Dirac Lagrangian
(23), we can obtain the new equation of motion for the
auxiliary axial vector field, aµ, which reads
aµ = − 7
4β
∂µs+
g
4α
(1 + s)ψγ5γ
µψ. (32)
Here, it is worthwhile to recall that, since aµ appears as
an auxiliary field, it is perfectly licit procedure to replace
it in the Dirac coupled action by its equation of mo-
tion (32). Previously, aµ was given by Eq. (22). With
the coupling to the fermions, the axial vector condensate
ψγµγ5ψ contributes and, as it follows below, upon re-
placement of aµ by Eq. (32) in the original Dirac action,
one obtains the following interaction Lagrangian:
Lint = is
2
(
ψγµ∂µψ − ∂µψγµψ
)− 21g
16β
(1 + s)∂µsψγ5γ
µψ
+
3g2
16α
(1 + s)2(ψγ5γ
µψ)2 −m0sψψ, (33)
where now a 4-fermion contact appears as a consequence
of the non-dynamical character of the aµ-axial field.
One can observe that the coupling constant of this in-
teraction depends on the BI parameter. Let us consider
the Feynman rules for the Lagrangian (23). The mo-
menta in this paper are incoming to the vertices. Thus,
the fermion-scalar 3-vertex takes the form
i
2
(p+ p)µ γ
µ − 21g
16β
qµγ5γ
µ − im0, (34)
and the other two vertices that describes the four-fermion
interaction are given by
21g
16β
qµγ5γ
µ, (35)
and
3g2
16α
γ5γ
µγ5γµ. (36)
The propagator for the spinor field is given by
SF (p) =
i
p/−m0 . (37)
From these results, we turn into the calculation of the
self-energy corrections to the fermion propagator and dis-
cuss the mechanism of mass generation for the fermion
field, by looking at the pole(s) of its 1-loop corrected 2-
point function For the fermion self-energy graph, we find
− iΣ (p) =
∫
d4q
(2π)
4
{
i
2
(2p/− q/)− 21g
16β
γ5q/− im0
}
×i p/− q/+m0
(p− q)2 −m2
0
i
16β2
3αq2 (13β2 + 49)
×
{
i
2
(2p/− q/)− 21g
16β
γ5q/− im0
}
−Tr
∫
d4k
(2π)4
3g2
16α
iγ5γ
µγ5γµi
k/+m0
k2 −m2
0
.(38)
The result for the divergent part of the 1-loop self-
energy of the fermion has the following final form
Σ˜ (p) =
1
π2αε
{{
2β2
3 (13β2 + 49)
[
p2 − m
2
0
4
(
1 +
441g2
64β2
)]
−3g
2m20
8
}
I4×4
+
β2
12 (13β2 + 49)
[
1
3
(
79− 3087g
2
64β2
)
p2
+
(
1− 441g
2
64β2
)
m20
]
pµγ
µ
+
7igβ
48 (13β2 + 49)
(
19p2 + 3m2
0
)
pµγ
µγ5
}
, (39)
where ε−1 = ln
(
Λ2/µ2
)
is the parameter of dimensional
regularization,Λ is the cut-off and µ is an arbitrary mass
parameter.
The insertion of this 1-loop graph leads to the following
1-loop corrected Lagrangian
L = ψ
(
γµpµ −m0 − Σ˜
)
ψ = ψOψ. (40)
We are now ready to find the 1-loop corrected fermionic
propagator and then the relation between the bare and
6the physical mass of the fermion in our model. The prac-
tical calculation for that follows the standard scheme and
we do not report the details. The result is the on-shell
relation(
D2 − E2 + C2 − 2E · C) (D2 − E2 + C2 + 2E · C)
+4E2C2 = 0, (41)
where we have used the simplified notation, E2 = EµE
µ,
and the fact that p2 = m2. We omit the full result of eq.
(41), which is very lengthy. We report below only the
parts of interest for our actual considerations:
D = −m0
{
2β2
3π2αǫ (13β2 + 49)
[
3m2 − 1
4
(
1 +
441g2
64β2
)
m20
]
+ 1
}
, (42)
Eµ =
{
1 +
β2
12π2αǫ (13β2 + 49)
[
1
3
(
79− 3087g
2
64β2
)
m2 +
(
1− 441g
2
64β2
)
m20
]}
pµ, (43)
Cµ =
7igβ
48π2αǫ (13β2 + 49)
(
19m2 + 3m2
0
)
pµ. (44)
We could not achieve an analytic expression for the
mass, m, as function of the β parameter from Eq. (41).
Therefore, the remainder of our calculation will be car-
ried out using MAPLE computer algebra system. In the
next Section, we present the results of our numerical anal-
ysis of the model we are discussing and compare them
with the known results for the BI parameter cited in the
Introduction.
IV. DISCUSSIONS AND CONCLUSIONS
Our main interest in this paper has been the study of
the effect of the BI parameter on the mass of a fermion in
the context of a particular Extended Theory of Gravity
with explicit torsion terms. For this purpose, we have
performed one-loop calculations in this model with grav-
ity and fermions minimally coupled. Proceeding this way,
and adopting the physical mass of the fermion at the LHC
scale, we expected to obtain an estimate for the BI pa-
rameter. Unfortunately, this could not be done, for the
equation (41) depends on the free parameters, namely,
the cut-off Λ, the arbitrary mass parameter µ and the
bare mass of the fermion,m0. For this reason, we proceed
further to adopt an alternative route. As a first step, we
fix the parameters Λ, µ and m0, choosing an appropriate
energy scale, such as the LHC energy range. With these
considerations in mind, we obtain a relation between m
and β. Thus, one can check if the range of β, which has
currently been reported in the literature, is compatible
with the observed mass of the fermion in the energy scale
chosen. In the Figure 1, we cast the results obtained for
FIG. 1. The running of β, with Λ = 250 Mev, µ = 1 Mev,
m0 = 250 Mev.
Λ = 250 MeV (corresponding to QCD cut-off), µ = 1
MeV, g = 1, m0 = 250 MeV and 0 < β < 5.0. As one
should expect, the corrections to the fermion mass are
extremely small. By inspection of the plot, we see that
the fermion mass increase if the BI parameter lies in the
range 0 < β <1.185, reaching its maximum value at β
= 1.185. In this interval of values, the potential term in
Dirac interaction Lagrangian dominates the kinetic term.
Furthermore, when β → 0, the fermion mass is finite. In
particular, in the range 0 < β < 0.195, the physical mass
of the fermion is less than his bare mass. On the other
hand, for values of β greater than 1.185, the kinetic term
dominates the potential term. In conclusion, our result
is compatible with the known results in the literature for
7the BI parameter.
The point of view we have tried to convey in this pa-
per is that the present established limits for the BI pa-
rameter are compatible with the spectrum of fermions
with masses at the LHC scale. Our study shows that
the Standard-Model charged leptons and quarks would
not be sensitive to the BI parameter, but we understand
that the whole sector of TeV-scale massive fermions, such
as the charginos and neutralinos, could be a good probe
of the BI parameter in the realm of Particle Physics. We
would like to point out that the model we present here is
still too limited. To our mind, the next immediate step
towards a more realistic model, namely, the inclusion of
the BI parameter in the framework of Supersymmetry
(more specifically, the minimal SUGRA model), would
be the right landscape for the investigation we are re-
porting in this paper. We are now concentrating efforts
in this direction and we expect to report soon our first
efforts elsewhere.
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